Merkel cell carcinoma (MCC) is a rare neuroendocrine tumor that is highly aggressive in nature and indolent in progression. The common risk factors for MCC are senility, prolonged exposure to sunlight, and immune deficient states. Moreover, Merkel cell polyomavirus has recently been characterized to be significantly associated with pathogenesis of MCC, including the expression of Cytokeratin 20 (CK20). Diagnosis is often difficult since histopathological results require a number of differential diagnoses through immunohistochemical (IHC) stains with other cutaneous malignancies. A 67-year-old man presented with a solitary domeshaped erythematous round mass on the left upper arm for 2 months. Biopsy and IHC studies revealed findings consistent with Merkel Cell Carcinoma of neuroendocrine origin. Common IHC stains usually confirm positive findings for CK20, which is also recognized as the key component in making the diagnosis. We present a CK20 negative MCC in light of expanding the knowledge of unusually stained IHC results in MCC.
INTRODUCTION
Merkel cell carcinoma (MCC) is a rare neuroendocrine tumor that is highly aggressive in nature and indolent in progression [1] [2] . The common risk factors for MCC are senility, prolonged exposure to sunlight, and immune deficient states.
Moreover, Merkel cell polyomavirus (MCPyV) was recently shown to be significantly associated with the pathogenesis of MCC, including the expression of Cytokeratin 20 (CK20) [3] . The diagnosis is often difficult because histopathological results require a number of differential diagnoses through immunohistochemical (IHC) stains with other cutaneous malignancies. We present a CK20 negative MCC consistent with negative MCPyV in light of expanding the knowledge regarding aberrant IHC results in MCC.
CASE
A 67-year-old man was admitted to the hospital with a 2.2×2.0 cm dome-shaped erythematous mass on his left upper arm. The lesion had started as an erythematous papule the size of a millet grain 2 months prior to admission, and had gradually grown thereafter. The patient was being treated for diabetes and hypertension, but had no specific family history. Physical examinations showed no findings of interest other than the skin lesion, and the complete blood count and peripheral blood smear were also unremarkable. Examination of the skin showed a relatively firm, even, raised, dome-shaped, and bright red lump on the upper left arm with a fairly clear margin (Fig. 1A) . The lesion did not show any additional symptoms, such as heat, tenderness, or exudation. Biopsy of the center of the lesion showed epidermal atrophy and infiltration of the dermis by various cells, including clusters of tumor cells surrounded by lymphocytes and other inflammatory cells (Fig. 1B, 1C ). The tumor cells had vesicular nuclei and scanty cytoplasm, and some tumor cells showed coarse or clumped chromatin scattered throughoutthe cell (Fig. 1D) . Based on the above clinical and histological findings, malignant lymphoma, metastatic small cell carcinoma, MCC, and malignant melanoma were all suspected. Upon IHC tests performed for a differential diagnosis, pan-CK, CD56, chromogranin, and Ki-67 (40%) were positive, and leukocyte common antigen (LCA), CK20, CK7, and thyroid transcription factor-1 (TTF-1) were negative (Fig. 2) .
Based on all of these findings, the patient was diagnosed with MCC. Because no distant metastasis was observed upon subsequent positron emission tomography-computed tomography, the final diagnosis was primary MCC of the skin (Fig.   3A ). Further testing of MCPyV was conducted to evaluate the cause of the IHC stain results and was consistently negative. The patient underwent extensive excision of the lesion with a 1.5 cm margin and skin flap surgery (Fig. 3B) . A sentinel lymph node biopsy did not show any findings of lymph node metastasis. After completing radiotherapy, the patient is currently in follow-up with no findings of metastasis or relapse.
DISCUSSION
MCC is a rare neuroendocrine tumor that undergoes malignant progression [1] [2] . Since it was first published by Tang and Toker in 1978, there have been constant reports on MCC. Risk factors include old age, ultraviolet light exposure, immune impairment, and a strong association with MCPyV [1, 4] .
Clinically, MCC presents as an asymptomatic, non-specific, Fig. 2 . Tumor cells express positive immunoreactivity for (A) pancytokeratin (×100), (B) CD56 (×100), (C) chromogranin (×100), (D) Ki-67 (×100), negative immunoreactivity for (E) leukocyte common antigen (×100), (F) CK20 (×100), (G) CK7 (×100), and (H) thyroid transcription factor-1 (×100), CK, cytokeratin.
erythematous papule or nodule, and it has been reported to be accompanied by ulcers on rare occasions. Histological examination shows clusters of tumor cells from the dermis to the subcutaneous fat layer, but they rarely infiltrate the epi- dermis. Individual cells have a characteristic 'salt-and-pepper' appearance, because of round, granular nucleus and the lack of cytoplasm [5] . The tumor cells are positive for epithelial markers, as well as for the neuroendocrine markers chromogranin and synaptophysin, and the neural marker CD56 [6] [7] . The majority of Merkel cells are positive for CK20. During histological examinations, additional stains are required to differentiate MCC from diseases with a similar appearance. The present case could be differentiated from lymphoma and malignant melanoma based on negative tests for LCA, S-100, Melan-A, and HMB45, while positive tests for the neuroendocrine and neural markers chromogranin, synaptophysin, and CD56 revealed that the tumor was of neuroendocrine origin. A negative result in an additional test for TTF-1 ruled out small cell carcinoma, but the negative result for CK20 was different from the typical findings for a MCC [6] [7] [8] .
Approximately 5-25% of all MCCs are negative for CK20, but the cause of this is not yet clear [1, 5] . Miner et al. reported that CK20-negative patients were less frequently associated with MCPyV, which is known to be a major risk factor for MCC [9] . Harms et al. reported that 80% of CK20-positive MCC patients were associated with MCPyV oncogenes. Next-generation sequencing techniques were used to show the presence of virus-independent mechanisms such as BAP1, or TP53 and RB1 inactivation in CK20-negative MCC patients, and were able to interpret these as findings of CK20 negativity in MCC to date [10] .
Prior to this study, there have been 12 case reports and manuscripts on MCC were published in the Korean Journal of Dermatology, but only three of these were CK20-negative cases. The present case reveals IHC signs that may present differently in a rare form of MCC; thus, we present this case together with a review of the literature.
